Old Dominion University

ODU Digital Commons
Community & Environmental Health Faculty
Publications

Community & Environmental Health

3-2017

Individual and Store Characteristics Associated
With Brand Choices in Select Food Category
Redemptions Among WIC Participants in Virginia
Qi Zhang
Old Dominion University, qzhang@odu.edu

Chuanyi Tang
Old Dominion University, ctang@odu.edu

Patrick W. McLaughlin
Leigh Diggs
Old Dominion University, ladiggs@odu.edu

Follow this and additional works at: https://digitalcommons.odu.edu/commhealth_fac_pubs
Part of the Community Health and Preventive Medicine Commons, and the Marketing
Commons
Repository Citation
Zhang, Qi; Tang, Chuanyi; McLaughlin, Patrick W.; and Diggs, Leigh, "Individual and Store Characteristics Associated With Brand
Choices in Select Food Category Redemptions Among WIC Participants in Virginia" (2017). Community & Environmental Health
Faculty Publications. 23.
https://digitalcommons.odu.edu/commhealth_fac_pubs/23

Original Publication Citation
Zhang, Q., Tang, C., McLaughlin, P., & Diggs, L. (2017). Individual and store characteristics associated with brand choices in select
food category redemptions among WIC participants in Virginia. International Journal of Environmental Research and Public Health, 14(4
364), 1-10.

This Article is brought to you for free and open access by the Community & Environmental Health at ODU Digital Commons. It has been accepted for
inclusion in Community & Environmental Health Faculty Publications by an authorized administrator of ODU Digital Commons. For more
information, please contact digitalcommons@odu.edu.

International Journal of

Environmental Research
and Public Health
Article

Individual and Store Characteristics Associated with
Brand Choices in Select Food Category Redemptions
among WIC Participants in Virginia
Qi Zhang 1, *, Chuanyi Tang 2 , Patrick W. McLaughlin 3 and Leigh Diggs 1
1
2
3

*

School of Community and Environmental Health, Old Dominion University, Norfolk, VA 23529, USA;
leighanndiggs@gmail.com
Department of Marketing, Old Dominion University, Norfolk, VA 23529, USA; ctang@odu.edu
United States Department of Agriculture—Economic Research Service, Washington, DC 20024, USA;
patrick.mclaughlin@ers.usda.gov
Correspondence: qzhang@odu.edu; Tel.: +1-757-683-6870

Academic Editors: Shannon N. Zenk and Lisa M. Powell
Received: 1 January 2017; Accepted: 17 March 2017; Published: 31 March 2017

Abstract: The Special Supplemental Nutrition Program for Women, Infants, and Children (WIC)
often allows participants to redeem food benefits for various brands at different costs. To aid the
program’s food cost containment efforts, it is important to understand the individual and store
characteristics associated with brand choices. This study used the WIC Electronic Benefit Transfer
(EBT) data for 239,062 Virginia WIC participants’ brand choices in infant fruits and vegetables (F&Vs)
and whole grain bread in May 2014–February 2015, one of the first such data sets available in
the U.S. for research purposes. Mixed effects logistic regression models were used to analyze the
choice of higher-priced brands over lower-priced brands. Minority participants were significantly
more likely to redeem higher-priced brands of infant F&Vs, but more likely to choose lower-priced
brands of bread. Participants shopping in urban stores or midsized stores (with 5–9 registers)
were less likely to choose higher-priced brands compared to rural stores or large stores (with 9+
registers). Race/ethnicity and store characteristics may be significant factors in participants’ brand
choices. The results can help develop interventions that encourage targeted participants to redeem
lower-priced but equivalently healthy brands. This may not only help contain WIC program costs,
but help participants manage their own non-WIC food expenses as well.
Keywords: Women, Infants, and Children (WIC); brand choices; infant fruits and vegetables

1. Introduction
The Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) is one of
the largest food assistance programs in the U.S. [1]. A key focus of the WIC program is to provide
nutritionally targeted foods, or food packages, at no cost to low-income pregnant and post-partum
women, infants up to one year of age, and children up to five years of age, in addition to nutrition
education and health interventions, especially for the support of breastfeeding. Different classes of
WIC participants are prescribed different food packages providing different quantities of foodstuffs,
rather than being awarded a dollar amount [2]. The WIC program serves approximately 8 million
Americans monthly, including 50% of newborn infants and 25% of children nationwide [3]. The positive
health impact of WIC participation is well documented [4,5].
The WIC program is administrated at both the federal and the state level. The U.S. Department
of Agriculture (USDA), the federal WIC administrative agency, mandates nutritional criteria for the
program (e.g., only whole grain bread is allowed) and provides grants to the states, who manage
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their own WIC programs. The national cost of the food package benefits in WIC alone was close
to $4.6 billion in 2016 [1]. Federal regulations require state WIC agencies to manage a food benefit
distribution system, which includes determining individuals’ WIC eligibility, prescribing food benefits
to participants, and authorizing private food vendors with whom participants can redeem their WIC
food benefits.
Because WIC is not an entitlement program, the U.S. Congress does not set aside funds for every
eligible individual to participate. Instead, states must contain the food and administrative costs within
the Congress-authorized budgets each year, i.e., “cost containment” within the WIC program. Food cost
accounts for approximately 70% of the total WIC program budget [6]. States must estimate funding for
foods in packages that are consistent with the Dietary Guidelines for Americans, readily available, and
commonly consumed. The state agents need to also take into account cultural preferences and provide
incentives for families to encourage them to participate in the WIC program [7]. Cost containment is
an ongoing policy issue, since balancing costs with healthy food choices poses a challenge to the WIC
program [3,8]. The need for cost containment stems from the fact that participants can redeem any
WIC-eligible food item regardless of the listed price, and hence participants have no explicit economic
incentive to be cost conscious. In fact, one study found that when participants purchased ready-to-eat
breakfast cereal with their WIC benefits, the cost was 26.3% higher on average than when purchasing
with their own money [9]. In an effort to limit food costs, nearly all state agencies exclude some food
brands that are deemed “too costly” yet meet federal nutritional guidelines. The degree of brand
restriction varies widely across states and product categories. For instance, Virginia WIC allows whole
wheat bread brands with a wide price range, while Texas WIC requires the vendors to maintain 85% of
their WIC redemptions from the Least Expensive Brands for selected food products, such as milk or
cheese [10].
However, restricting participants’ food brand options may have unintended negative
consequences for the program, such as discouraging potential enrollees from joining if they perceive
they cannot redeem desirable food brands. This concern is especially pressing as participation levels
are the lowest since the Great Recession of 2008–2009 [3]. Policy makers remaining under pressure to
contain food costs are looking into the subtle influences of brand restriction on participants’ brand
choices. Insights from behavioral economics suggest the possible strategy of “nudging” participants
toward less costly brands [11]. For example, placing the lower-cost food item brands on more
prominent shelf positions may promote WIC participants to redeem them over the higher-cost
brand alternatives. These types of behavioral economics-based interventions have been successfully
implemented to promote healthy food consumption without limiting consumers’ food choices [12,13].
Thus, considerable interest has arisen in developing behavioral economics interventions for the WIC
program to aid in cost containment [14]. However, little is known about the basic factors that influence
participants’ brand choices, such as individual characteristics or the types of vendors they patronize
while redeeming their benefits [15].
The primary challenge to understanding WIC participants’ brand choices, even in basic ways,
is the lack of WIC redemption data with Universal Product Codes (UPCs), often referred to as the
bar code on the product package. This study took advantage of the WIC Electronic Benefit Transfer
(EBT) data in Virginia, one of the first available sets of state-level WIC administrative data in the U.S.,
which has individual-level redemption records with detailed UPC codes to determine the exact brands
redeemed. After reviewing the 17 food categories eligible in Virginia’s WIC program, we selected
infant fruits and vegetables (“infant F&Vs” hereafter) and whole wheat bread (“bread” hereafter).
These two product categories jointly account for $7,873,342 in redemptions over the study period,
with considerable variation in the costs of eligible brands. Infant F&Vs and bread are ideal for this
study’s purposes because Virginia WIC allows participants to choose among multiple brands with
different costs as opposed to a single designated brand.
The purpose of this study is to examine what participant- and vendor-specific factors influence
whether or not a participant chooses higher-cost brands rather than lower-cost alternatives. To the
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best of our knowledge, this is one of the first studies in the U.S. using transaction-level state WIC EBT
data, and it therefore provides a rare opportunity to study WIC participant’s redemption behaviors.
The NASEM recommends the use of EBT data in their latest guidelines [7]. As more transaction-level
state WIC EBT data become available due to the congressional mandate in the Healthy, Hunger-Free
Kids Act of 2010 that requires all WIC state agencies to implement the EBT delivery method by 2020,
this study may be used as a preliminary resource to identify cost-saving intervention targets.
2. Materials and Methods
2.1. Data Sources
The Virginia Department of Health (VDH) provided WIC EBT transaction records spanning from
when the VDH fully implemented the EBT system in May 2014 to February 2015. These data contain
highly detailed information on WIC EBT transactions involving approximately 130,000 participant
households shopping at around 850 authorized WIC vendors. In particular, the data include the
Universal Product Code (UPC), quantity, and price of the WIC items purchased; the authorized vendor
completing the transaction and the date it took place; and selected characteristics of participants and
authorized vendors, including number of participants in a household, race/ethnicity, primary language
spoken at home (English, Spanish, and/or other), number of months participating in the WIC program
(≤3, >3−≤6, >6–≤9, ≥9 months), vendor locations in urban or non-urban areas, and vendor sizes.
The urban/non-urban designation was based on the Isserman model, which integrates the population
from the 2000 census tract and the rural/urban county continuum codes from the U.S. Office of
Management and Budget (OMB) [16]. The vendor size is defined based on the number of cash registers,
as larger vendors may tend to employ more registers to accommodate higher volumes of sales; this is
a modeling choice used in previous work [17]. We classified vendors into small, medium, and large
vendors depending on whether they have one to 4, 5–9, or >10 registers, respectively.
2.2. Statistical Analyses
The focus of the analysis is on the redemption of 4-ounce containers of infant F&Vs and 16-ounce
packages of whole wheat bread. To ensure the studied brands were widely available to participants,
we excluded the brands that accounted for <1% of the share of statewide redemptions in each product
category. This narrowed our analysis to the redemption of 2 brands in infant F&Vs and 10 brands of
whole wheat bread (Table 1). For confidentiality purposes, we are not able to disclose specific brand
names. Instead, we used numbers (e.g., Brand 1 and Brand 2) for infant fruits and vegetables’ brands
and alphabets (e.g., Brand A and Brand B) for bread brands.
Table 1. Distribution of major brands (≥1% WIC redemption share) in infant fruits & vegetables
and bread.
Food Category

Brands

Total Redemption $

Store Brand

Infant Fruits and Vegetables (4 oz.)

Brand 1
Brand 2

$1,550,215
$643,360

No
No

Bread
(16 oz.)

Brand A
Brand B
Brand C
Brand D
Brand E
Brand F
Brand G
Brand H
Brand I
Brand J

$1,131,886
$535,164
$246,301
$204,041
$138,830
$41,828
$32,743
$29,779
$15,717
$12,145

No
No
No
No
Yes
No
No
No
Yes
Yes
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For each food product category, we identified the costliest prominent brand, that is, the brand
with the highest average unit cost and a significantly large share of WIC redemptions. For infant
F&Vs, the costliest prominent brand is Brand 1, which is the most widely chosen by participants and
bears a price that is on average 11.29% more than the other eligible brand, Brand 2. For whole wheat
bread, Brand F is the costliest, but it comprises a minuscule 1.44% of the redemption share in this
category. Brand A, on the other hand (38.34%), is the most frequently redeemed bread brand and has
the second-highest unit cost of redemption. Therefore, we treat Brand A as the costliest prominent
brand of bread. From the behavioral economics perspective, participants made a choice given the
restricted environment, i.e., there is a framing effect. Therefore, we used the brand choice as the
outcome variable. Moreover, we dichotomized the brands into Brand 1 vs. Brand 2 for infant F&Vs
and Brand A vs. other brands for bread, since these two types of brands were available at all vendors.
Since households redeem WIC benefits on a monthly basis, we employed a mixed effects logistic
regression model with a random effect for households and used participant and vendor characteristics
to predict WIC participants’ choice of the most expensive prominent brands. Because redemption
behaviors may vary in different vendor-specific store environments, we ran separate regression
models for each of the top three retail chains accounting for the highest number of Virginia WIC
redemptions. Due to confidentiality requirements, we are unable to disclose the identity of the food
chains. We instead refer to each store chain in order of total Virginia WIC market share: Alpha, Beta,
and Sigma. These vendors are supermarket chains with a customer base comprising lower- and
middle-income consumers. We estimated the mixed effects logistic regression models with clustered
standard errors. We used Stata 12 in the statistical analyses (StataCorp, College Station, TX, USA) and
subsequently reported odds ratios (ORs), 95% Confidence Intervals (95% CI), and p-values.
3. Results
3.1. Descriptive Statistics of Brands in Infant F&Vs and Whole Grain Bread
The total sample includes 239,062 Virginia WIC participants in 113,341 households who shopped
at 856 WIC-approved vendors in May 2014–February 2015. Besides identifying whether or not a given
brand is a store brand (e.g., private label), Table 1 summarizes the total value of redemptions of infant
F&Vs and bread by brands. In general, participants purchased more of the costliest prominent brand
than the other brands for both product categories. Among the infant F&Vs brands, Brand 1 accounted
for 70.67% of the roughly $2,193,575 worth of items and 68.46% of the redeemed units. For whole
wheat bread, the total redemption cost of the top 10 bread brands was $2,388,434. Most of these
brands are national brands. Participants tended to choose national brands over eligible store brands for
bread. The average price of the store brands is 59.72% of the cost of national brands. There was a 20%
difference in the unit cost between the two most widely chosen bread brands (Brand A vs. Brand B).
3.2. Redemption Patterns among Virginia WIC Participants
Table 2 presents the descriptive statistics of the characteristics and redemption patterns of the
participants who redeemed infant F&Vs and bread. For infant F&Vs, a total of 40,285 households
redeemed more than 3 million units with a total cost of $2,109,324. We observed significant variation
in the prevalence of the higher-price Brand 1 redemptions across demographic and household
characteristics. Among these households, the two- or three-participant households were the most
predominant recipients of infant F&Vs, redeeming 56.5% and 29.0% of all units, respectively. The larger
a household was, the more likely they were to choose Brand 1 over Brand 2. A higher proportion of
non-Hispanic black (67.2%) and Hispanic (68.2%) households chose Brand 1 compared to non-Hispanic
white households (56.6%). Roughly 70% of Spanish-speaking households chose Brand 1, compared to
61.6% of English-speaking households. Brand 1 redemptions increased as participants stayed longer in
the WIC program.
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Table 2. Socio-demographics, redemption statistics of WIC participants in Virginia between May 2014
and February 2015.
Infant Fruits & Vegetables
Summary Measure

% of
Households

% of
Redemption
Units

40,285

3,153,609

Bread

Total
Cost

%
Redeeming
Brand 1

$2,109,324

62.4

% of
Households

% of
Redemption
Units

Total
Cost

%
Redeeming
Brand A

99,980

1,622,353

$5,764,018

40.1

# of WIC Participants
N=1
N=2
N=3
N≥4

$5,764,018
$1,402,209
$2,217,160
$1,614,943
$529,706

39.7 *
40.2 *
40.0 *
41.6 *

10.9
55.6
27.1
6.4

7.4
56.5
29.0
7.1

$152,432
$1,193,028
$613,442
$150,422

61.2 *
62.4 *
62.7 *
63.3 *

32.7
43.4
19.4
4.5

24.3
38.4
28.0
9.2

Non-Hispanic White
Non-Hispanic Black
Hispanic
Other

32.9
32.0
17.2
15.8

35.6
29.3
17.8
17.3

$719,870
$610,698
$383,667
$358,828

56.6 *
67.2 *
68.2 *
62.5 *

32.9
31.0
21.5
12.3

34.6
26.2
24.3
14.9

$1,925,795
$1,468,938
$1,428,209
$840,818

45.4 *
40.9 *
31.4 *
37.3 *

Language
English
Spanish
Other

83.8
14.4
1.8

83.0
15.1
2.0

$1,733,522
$334,183
$41,620

61.6 *
70.0 *
62.6 *

80.7
17.2
2.0

76.9
20.3
2.8

$5,764,018
$4,373,010
$1,228,835
$162,173

43.1 *
30.1 *
30.2 *

9.7
17.7
44.9
27.6

5.1
15.0
46.6
33.3

$105,103
$313,576
$983,165
$707,481

54.2 *
54.7 *
55.5 *
58.0 *

20.4
22.8
38.0
18.8

6.5
16.9
46.8
29.7

Race/Ethnicity

$5,663,760

Participation Periods

≤3 months
>3–≤6 months
>6–≤9 months
>9 months

$5,764,018
$367,377
$967,511
$2,694,326
$1,734,804

40.4 *
41.2 *
40.8 *
38.4 *

* p < 0.001.

For bread, 99,980 WIC households redeemed 1,622,533 units at a total cost of $5,764,018. Much like
infant F&Vs, the frequency of the redemption of the costliest prominent brand of bread co-varied with
participant characteristics. The percent of households redeeming the higher-price Brand A increased
as the number of participants in the households increased. Non-Hispanic whites chose Brand A bread
more often than did other ethnicities. English-speaking households also chose Brand A more often
than Spanish-speaking households. The tendency to choose Brand A increased in participants’ first
three months in the program and then decreased as the participant stayed longer in the program.
For example, 41.2% of the households that stayed in the program for 3–6 months chose Brand A,
while only 38.4% of households that stayed in the program for more than 9 months did so.
3.3. Participant and Store Predictors of Brand Choices for Infant F&Vs
Table 3 presents the estimated mixed effects logistic regression models of the choice of the
costliest prominent brand of infant F&Vs (Brand 1). In the pooled (all vendors) model, participant
characteristics such as race/ethnicity and the primary language spoken at home have statistically
significant relationships with the choice of the higher-price Brand 1. For example, non-Hispanic black
and Hispanic households were, respectively, 14% and 27% on average more likely to select this brand
compared to non-Hispanic white households. Participants who primarily speak Spanish at home were
on average 21% more likely to choose Brand 1 than those speaking English. In addition, the propensity
to choose Brand 1 systematically varies with observed vendor characteristics. Participants were on
average 37% more likely to choose Brand 1 at small vendors than at large ones, but 9% less likely to
choose Brand 1 at vendors located in urban areas than at those in rural locations.
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Table 3. Mixed effects logistic regression results of the selection of Brand 1 in infant fruits and vegetables
among WIC participants in Virginia.
Brand 1 = 1

All Stores

Vendor Alpha

Vendor Beta

Vendor Sigma

OR

95% CI

OR

95% CI

OR

95% CI

OR

95% CI

Ref
0.99
1.01
1

(0.98, 1.02)
(0.98, 1.02)
(0.98, 1.02)

Ref
0.98
0.99
1.02

(0.95, 1.01)
(0.96, 1.02)
(0.99, 1.06)

Ref
1.03 **
1.08 ***
1.07 ***

(1.00, 1.06)
(1.05, 1.12)
(1.03, 1.12)

Ref
0.98
0.87 ***
0.84 ***

(0.94, 1.03)
(0.83, 0.92)
(0.79, 0.89)

Ref
1.27 ***
1.14 ***
1.11 ***

(1.25, 1.28)
(1.12, 1.16)
(1.10, 1.12)

Ref
1.20 ***
1.08 ***
1.06 ***

(1.19, 1.23)
(1.04, 1.11)
(1.04, 1.08)

Ref
1.49 ***
1.25 ***
1.23 ***

(1.46, 1.51)
(1.21, 1.29)
(1.20, 1.25)

Ref
1.18 ***
1.31 ***
1.10 ***

(1.14, 1.22)
(1.23, 1.38)
(1.06, 1.13)

Ref
1.21 ***
1.13 ***

(1.18, 1.23)
(1.10, 1.17)

Ref
1.18 ***
1.44 ***

(1.14, 1.23)
(1.30, 1.60)

Ref
1.28 ***
1.11 ***

(1.24, 1.33)
(1.05, 1.18)

Ref
1.14 **
1.43 ***

(1.05, 1.23)
(1.31, 1.57)

≤3 months
>3–≤6 months
>6–≤9 months
>9 months

Ref
1.03 **
1.01
1.00

(1.01, 1.05)
(0.99, 1.03)
(0.98, 1.02)

Ref
0.99
0.98
0.98

(0.96, 1.03)
(0.95, 1.01)
(0.95, 1.01)

Ref
1.02
0.99
0.93 ***

(0.98, 1.05)
(0.96, 1.02)
(0.90, 0.96)

Ref
1.07 *
1.1 **
1.08 **

(1.01, 1.14)
(1.03, 1.16)
(1.02, 1.25)

Urban

0.91 ***

(0.89, 0.91)

0.98

(0.92, 1.03)

0.89 **

(0.82, 0.90)

0.85 **

(0.71, 0.97)

Ref
0.95 ***
1.37 ***

(0.93, 0.97)
(1.24, 1.50)

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

# of WIC-Ps
N=1
N=2
N=3
N≥4
Race
Non-Hispanic White
Non-Hispanic Black
Hispanic
Other
Language
English
Spanish
Other
Participation Periods

Store size
Large
Mid-size
Small

* p < 0.05; ** p < 0.01; *** p < 0.001.

The relationship between participant characteristics and the choice of the higher-cost brand
in infant F&Vs varied among the top three retail chains, indicating that unobservable vendor
characteristics may be important factors as well. For instance, the relationship between the length
of participation in Virginia WIC and infant F&V brand choice was statistically significant in Vendor
Beta and Vendor Sigma. In Vendor Sigma, participating in Virginia WIC for longer than three months
corresponded to a greater likelihood to redeem Brand 1, but this relationship was not significant in
Alpha or Beta. Households made up of four or more participants were 16% less likely to choose Brand
1 compared to single-participant households in Vendor Sigma, but were 7% more likely to do so in
Beta outlets.
Furthermore, the strength of the relationships between participants’ race/ethnicity and brand
choice varied among retail chains. For example, while minority participants had a higher likelihood of
choosing Brand 1 at each retail chain, the magnitude of each coefficient varied. Non-Hispanic black
participant households were on average 18% more likely to choose Brand 1 than non-Hispanic white
peers when shopping at Vendor Sigma, but 49% more likely to do so at Vendor Beta. A similar pattern
occurred at those vendors when comparing Spanish- versus English-speaking households.
Table 4 presents the mixed effects logistic regression estimates for whole wheat bread. Similar to
infant F&Vs, the number of participants in households had an inconsistent relationship with the choice
of the costliest prominent brand. In general, households with two participants or more and those
with four participants were 2%–3% more likely to choose Brand A than one-participant households.
However, there was no statistically significant difference between three-participant and one-participant
households. The observed relationships between the choice of Brand A and both the urban/rural status
of retail chains and the length of household participation were similar for both bread and infant F&Vs.
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Table 4. Mixed effects logistic regression results of the selection of Brand A bread among WIC
participants in Virginia.
Brand A = 1

All Stores

Vendor Alpha

Vendor Beta

Vendor Sigma

OR

95% CI

OR

95% CI

OR

95% CI

OR

95% CI

Ref
1.02 *
0.99
1.03 **

(1.00, 1.03)
(0.97, 1.01)
(1.01, 1.07)

Ref
1.01
1.03 *
1.02

(0.99, 1.03)
(1.00, 1.05)
(0.98, 1.05)

Ref
1.09 ***
1.01
1.04

(1.06, 1.13)
(0.97, 1.04)
(0.99, 1.09)

Ref
0.92 ***
0.95 *
1.07

(0.88, 0.96)
(0.90, 1.00)
(0.99, 1.14)

Ref
0.92 ***
0.82 ***
0.89 ***

(0.91, 0.94)
(0.80, 0.83)
(0.87, 0.91)

Ref
1.02
0.93 ***
1.01

(0.99, 1.05)
(0.89, 0.96)
(0.97, 1.03)

Ref
0.97
0.88 ***
0.97

(0.94, 1.00)
(0.84, 0.92)
(0.93, 1.02)

Ref
1.08 **
0.94
0.96

(1.03, 1.14)
(0.87, 1.02)
(0.90, 1.01)

Ref
0.81 ***
0.87 ***

(0.78, 0.85)
(0.85, 0.89)

Ref
0.92 ***
1.03

(0.88, 0.95)
(0.94, 1.13)

Ref
0.93 ***
0.89 **

(0.88, 0.89)
(0.81, 0.98)

Ref
1.01
1.24 ***

(0.92, 1.12)
(1.11, 1.38)

≤3 months
>3–≤6 months
>6–≤9 months
>9 months

Ref
1.02
1.04 **
0.99

(1.00, 1.05)
(1.01, 1.06)
(0.96, 1.01)

Ref
1.02
1.05 **
1.08 ***

(0.98, 1.06)
(1.01, 1.09)
(1.04, 1.12)

Ref
1.01
0.94 *
0.98

(0.96, 1.07)
(0.90, 1.00)
(0.93, 1.04)

Ref
1.16 ***
1.32 ***
1.44 ***

(1.07, 1.26)
(1.22, 1.42)
(1.32, 1.56)

Urban

0.91 ***

(0.90, 0.93)

0.97

(0.77, 1.13)

0.69

(0.18, 1.06)

1.19

(0.99, 1.49)

Ref
0.87 ***
0.96

(0.85, 0.90)
(0.86, 1.07)

N/A
N/A
N/A

# of WIC-Ps
N=1
N=2
N=3
N≥4
Race
Non-H White
Non-H Black
Hispanic
Other
Language
English
Spanish
Other
Participation Periods

Store size
Large
Mid-size
Small

N/A
N/A
N/A

N/A
N/A
N/A

* p < 0.05; ** p < 0.01; *** p < 0.001.

On the other hand, many of the results for bread were inconsistent with those for infant F&Vs.
For instance, minorities were significantly less likely to redeem Brand A than non-Hispanic whites.
The odds of choosing Brand A among non-Hispanic black and Hispanic participants were 8% and 18%
less, respectively, than among non-Hispanic white participants when examining all vendors combined.
The heterogeneity of brand choice persisted across vendors. For example, non-Hispanic blacks in
Vendor Sigma were 8% more likely to choose Brand A over non-Hispanic whites. The discrepancies in
brand choices across language groups were similar to those across race and ethnicities.
4. Discussion
One key finding demonstrated by our results is that the socioeconomic contexts and
vendor-specific food environments in which participants live and shop matter when considering their
propensity to select the costliest prominent brands among infant F&Vs and whole grain bread. This, in
turn, has implications for cost containment efforts. For instance, we observed that Hispanic participants
were more likely to purchase the higher-price brand in infant F&Vs than all other race/ethnicity groups.
When this characteristic was held constant, Spanish-speaking participant households were even more
likely to purchase the higher-price brand. Other studies found that Spanish-speaking consumers were
more likely to choose Brand 1 with a higher price partially because this brand could signal an ethnicity
heritage [18]. This suggests potential culturally sensitive strategies to influence participants’ brand
preferences. Standard nudging techniques (e.g., distributing guides on benefit redemption that place
WIC-eligible brands in order of costliness) that may be effective in shifting choices in some groups
may require additional interventions in other groups to promote any change [19,20].
Furthermore, the same group of people may make different choices in different vendor-specific
store environments. For example, Hispanic participants were twice as likely to choose Brand 1 with a
higher price when shopping in Vendors Beta and Sigma compared to their counterparts patronizing
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Alpha. One hindrance in interpreting this finding is that we are unable to discern whether the effect is
due to the choice architectures employed by the individual store chains or the selection bias among
the participants [20,21]. For instance, Vendor Alpha may attract bargain shoppers who, in turn,
are predisposed to choose the cheaper infant F&Vs brand. Thus, it may be less worthwhile pursuing
nudging cost containment strategies in Vendor Alpha than in other stores, given that the probability
of a participant choosing the higher-price Brand 1 is the lowest in Vendor Alpha [17]. Inner cities
are widely viewed as “food deserts”, where low-cost nutritious foods are almost unavailable [22].
Therefore, WIC participants may form a shopping preference for lower-cost food. They are more
likely to choose the lower-price brand even when the higher-price brands are free in their WIC food
package [23]. Nevertheless, the observed variation between vendors in term of the propensity to choose
costly brands requires policymakers to consider specific food environments, including the authorized
vendors that are popular among a particular group of participants and the rural/urban designation of
the setting, when developing any policy that influences the choice of WIC-eligible brands.
In addition, our results show that insights gleaned from studying one food category cannot
be readily applied to others. For instance, while minorities were most likely to choose the more
costly brand of infant F&Vs, white participants were significantly more prone to choose the costliest
prominent brand of whole wheat bread. This suggests that potential cost containment interventions
could be food-category-specific.
One limitation of this study is that some relevant socio-demographics and vendor characteristics
that may be related to the brand choice were not available. For example, the real-time brand availability
in a vendor was unknown. However, in any given month, 87.9% of the vendors were observed
redeeming WIC benefits on infant F&Vs for Brand 1 or Brand 2, and 92.7% had sold Brand A or other
brand bread. Therefore, it is unlikely our results are driven by whether or not the costliest prominent
brand was present in a given vendor. However, as the first study in the field that uses the universe of
WIC redemptions at the state level, our results still shed important light on brand choices among WIC
participants in Virginia. Policy makers can leverage our results to, for example, develop customized
strategies to nudge participants to redeem the least costly brands. By applying the statistical methods
and findings presented herein, the Virginia WIC program could identify participant subgroups that are
the appropriate targets for such interventions. For example, nudging interventions may better target
the communities statistically more prone to choose costlier brands or the authorized vendors who tend
to sell costlier brands to WIC participants. In addition, more ethnic-sensitive interventions could be
developed, e.g., introducing or describing lower-price brands to Hispanic participants in Spanish.
Future research should ideally study participants’ reactions to store environments and layouts of
authorized vendors. Two promising approaches from the marketing literature are to focus on non-price
promotions and visual merchandising management (VMM) [24]. To study non-price promotion,
for example, researchers could test whether or not offering free samples of cheaper brands might “reset”
consumers’ default brands when redeeming WIC benefits. To test nudge redemption behaviors using
VMM strategies, researchers could study the effect on participants’ brand choices of using different
types of labels and signage (e.g., brighter colors) placed under lower-priced brands. VMM techniques
can help direct participants’ attention to less costly brands and prevent long in-store browsing,
persuading the participants to purchase less costly brands. In addition to behavioral economics
approaches, researchers could test the viability of WIC clinics, which traditionally provide on-site
education about nutrition and healthy eating, incorporating education on brand choices. This may lead
participants to purchase less costly brands with equivalent nutritional content, which may improve
their food budget management skills after they leave the WIC program. Although encouraging the
lower-price food items may perpetuate the stigma of grocery shopping in low income households,
it may conversely help participants manage their non-WIC food expenses as they acknowledge that
store brands may have comparable quality to national brands.
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5. Conclusions
This study represents an early effort to answer policy-relevant research questions with recently
available WIC EBT data in an ethnically diverse WIC program context. In addition to emerging as a
promising source of rich data for WIC researchers, such data can be leveraged by WIC state agency
managers themselves to improve the effectiveness and efficiency of program operations. This work
provides an example of such an application, determining which particular participant and vendor
characteristics are statistically significant predictors of brand choices. Our analysis provides a first-step
toolkit that can be applied in any WIC EBT state to identify the targets where interventions are likely
to have the greatest cost savings impact.
Acknowledgments: This publication was funded by the Duke-UNC USDA Center for Behavioral Economics and
Healthy Food Choice Research under grant 59-5000-4-0062 from the U.S. Department of Agriculture. The views
expressed in this publication are those of the authors and cannot be attributed to the U.S. Department of Agriculture
or its Economic Research Service or its Food and Nutrition Service.
Author Contributions: Qi Zhang and Chuanyi Tang conceived and designed the experiments; Qi Zhang
and Chuanyi Tang analyzed the data; Leigh Diggs conducted literature review; Qi Zhang., Chuanyi Tang,
Patrick W. McLaughlin, and Leigh Diggs wrote the paper.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.
2.
3.
4.
5.
6.
7.

8.

9.

10.

11.
12.
13.

United States Department of Agriculture. WIC Funding and Program Data. Available online: http://www.
fns.usda.gov/wic/wic-funding-and-program-data (accessed on 8 February 2017).
United States Department of Agriculture. About WIC—WIC at a Glance. Available online: https://www.
fns.usda.gov/wic/about-wic-wic-glance (accessed on 8 February 2017).
Oliveira, V.; Frazão, E. The WIC Program: Background, Trends, and Economic Issues; United States Department
of Agriculture, Economic Research Service (EIB-134): Washington, DC, USA, 2015.
Hoynes, H.; Page, M.; Stevens, A. Is a WIC Start a Better Start: Evaluating WIC’s Impact on Infant Health Using
Program Introduction; NBER Working Paper, No. 15589; NBER: Cambridge, MA, USA, 2009.
Rossin-Slater, M. WIC in your neighborhood: New evidence on the impacts of geographic access to clinics.
J. Public Econ. 2013, 102, 51–69. [CrossRef] [PubMed]
United States Department of Agriculture. WIC Program. Available online: http://www.fns.usda.gov/pd/
wic-program (accessed on 22 December 2016).
National Academies of Science, Engineering, and Medicine. Review of WIC Food Packages: Improving
Balance and Choice: Final Report. Available online: http://www.nap.edu/23655 (accessed on
12 February 2017).
United States Department of Agriculture—Office of the Inspector General. State Agencies’ Food Costs for
the Food and Nutrition Service’s Special Supplemental Nutrition Program for Women, Infants, and Children.
Available online: https://www.usda.gov/oig/webdocs/27004-0001-22.pdf (accessed on 22 December 2016).
Dong, D.; Stewart, H.; Frazão, E.; Carlson, A.; Hyman, J. WIC Household Food Purchases Using WIC
Benefits or Paying Out of Pocket: A Case Study of Cold Cereal Purchases. United States Department of
Agriculture, Economic Research Service (ERR 207), May 2016. Available online: https://www.ers.usda.gov/
publications/pub-details/?pubid=45536 (accessed on 22 December 2016).
United States Department of Agriculture. Women, Infants and Children (WIC): Links to State Agency
WIC-Approved Food Lists. Available online: http://www.fns.usda.gov/wic/links-state-agency-wicapproved-food-lists (accessed on 22 December 2016).
Just, D.R.; Payne, C.R. Obesity: Can behavioral economics help? Ann. Behav. Med. 2009, 38, 47–55. [CrossRef]
[PubMed]
Downs, J.S.; Loewenstein, G.; Wisdom, J. The psychology of food consumption: Strategies for promoting
healthier food choices. Am. Econ. Rev. 2009, 99, 1–10. [CrossRef]
Hansen, P.G.; Jespersen, A.M. Nudge and the manipulation of choice: A framework for the responsible use
of the nudge approach to behaviour change in public policy. Eur. J. Risk Regul. 2013, 3, 3–28. [CrossRef]

Int. J. Environ. Res. Public Health 2017, 14, 364

14.

15.

16.
17.
18.
19.
20.

21.
22.
23.
24.

10 of 10

The Duke-UNC USDA Center for Behavioral Economics and Healthy Food Choice Research (BECR). Funded
2015 WIC White Papers. Available online: https://becr.sanford.duke.edu/funding/wic/ (accessed on
22 December 2016).
Tiehen, L.; Frazão, E. Where Do WIC Participants Redeem Their Food Benefits? An Analysis of WIC Food
Dollar Redemption Patterns by Store Type. United States Department of Agriculture, Economic Research
Service (ERR 152), April 2016. Available online: https://www.ers.usda.gov/webdocs/publications/eib152/
57246_eib152.pdf (accessed on 22 December 2016).
Virginia State Board of Health. Title 12. Health, Chapter 195. Register of Regulations 2013, 29, 12. Available
online: http://register.dls.virginia.gov/details.aspx?id=3413 (accessed on 11 February 2017).
Saitone, T.L.; Sexton, R.J.; Volpe, R.J. A wicked problem? Cost containment in the women, infants and
children program. Appl. Econ. Perspect. Policy 2015, 37, 378–402. [CrossRef]
Schumann, D.W.; Davidson, E.F.; Satinover, B. Ethnicity, Race, and Brand Connections; Handbook of Brand
Relations; Routledge: New York, NY, USA, 2009; pp. 212–229.
Sethuraman, R.; Cole, C. Factors influencing the price premiums that consumers pay for national brands
over store brands. J. Prod. Brand Manag. 1999, 8, 340–351. [CrossRef]
Johnson, E.J.; Shu, S.B.; Dellaert, B.G.C.; Fox, C.; Goldstein, D.G.; Haubl, G.; Larrcick, R.P.; Payne, J.W.;
Peters, E.; Schkade, D.; et al. Beyond nudges: Tools of a choice architecture. J. Retail. 2012, 58, 34–57.
[CrossRef]
Miquel, S.; Caplliure, E.M.; Aldas-Manzano, J. The effect of personal involvement on the decision to buy
store brands. J. Prod. Brand Manag. 2002, 11, 6–18. [CrossRef]
Cummins, S.; Macintyre, S. A systematic study of an urban foodscape: The price and availability of food in
Greater Glasgow. Urban Stud. 2002, 39, 2115–2130. [CrossRef]
Bitler, M.; Haider, S.J. An economic view of food deserts in the United States. J. Policy Anal. Manag. 2011, 30,
153–176.
Spangenberg, E.R.; Crowley, A.E.; Henderson, P.W. Improving the store environment: Do olfactory cues
affect evaluations and behaviors? J. Mark. 1996, 60, 67–80. [CrossRef]
© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

